The purpose of the experiment was to assess the effect of application of zinc ammonium acetate (ZAA) on yielding, morphological features and on selected vegetation indices of timothy cv. 'Owacja' cultivated for seeds. Zinc ammonium acetate that has a biostimulatory effect was used foliar in the carried out experiment. The experiment was conducted in the years 2015-2017 at the experimental station in Prusy near Krakow, a part of the Experimental Station of the Institute of Crop Production of the University of Agriculture in Krakow. The field experiment was set up in a randomized block design, in four replications, and the area of experimental plots was 10 m 2 . Degraded Chernozem formed from loess (classified to the first class quality soil) was present on the experimental area. The experiment consisted in applying ZAA as spray at three doses: 0.214, 0.267 and 0.400 kg(ZnNH4(CH3CO2)3)/ha. Based on the obtained preliminary results, it was found that application of foliar activator in a higher dose (0.400 kg/ha) caused a significant (p ≤ 0.05) increase in seed yield, 1000-seed weight and in germination capacity in relation to the control. Improvement in morphological properties was also observed. Leaf greenness index (SPAD) was also determined. Its highest value was found in plants from the treatment where the highest dose of the zinc ammonium acetate was applied. Seeds obtained from plants treated with ZAA were riper (ripeness was measured with 1000-seed weight) and had higher germination capacity in relation to control treatments.
Introduction
In modern plant cultivation, apart from basic mineral fertilization, various products called plant growth regulators or biostimulants are more and more often used [1] [2] [3] . Biostimulants stimulate development of whole plants or specific organs, accelerate life processes and enhance plant resistance to stress factors like high temperature, low humidity, and salt [4] . The application of certain active substances allows obtaining the highest possible yield efficiency and quality, particularly under environmental conditions unfavorable for plant growth and development [5] [6] [7] . Timothy (Phleum pratense L.) belongs to species commonly cultivated in cold and humid regions of the world. However, shallow root system and low tolerance to drought resulting from it are a considerable limitation to its cultivation. By using certain substances, the so-called auxin cofactors, one can stimulate the root system growth, this way also influencing the plant growth. Auxin cofactors include certain microelements, for instance zinc. This element has a number of biochemical functions in plants. Among others, it improves nitrogen metabolism in plants, has a beneficial effect on nitrogen transformations, which results in higher plant growth. Zinc also has numerous enzymatic functions, takes part in photosynthesis and in transcription, controls reaction in the cytoplasm, and also plays structural roles (being an integral part of cell membranes) [8, 9] . Zinc in ZnNH 4 (CH 3 CO 2 ) 3 (zinc ammonium acetate -ZAA) by forming a complex with an organic acid is readily available for plants and is quickly absorbed. The application of zinc in such form has a positive effect on the capacity for nutrient uptake and accumulation, a positive effect on the dynamic development of root mass, better initial development of plants and higher tolerance to the stress associated with low temperature and water deficiency. When applied at early developmental stages, it stimulates the production of auxins by plants, which influences intensification of cell divisions and the longitudinal growth of the root system. In aquatic environment, zinc ammonium acetate undergoes dissociation according to the equation: ZnNH 4 (CH 3 CO 2 ) 3 3CH 3 COO -+ NH 4 + + Zn 2+ and releases acetate, ammonium and zinc ions, all of which then undergo hydrolytic equilibrium reactions described below. The position of these equilibria depends on the environment pH value. pH of the soil is also important factor influencing the bioavailibity of zinc if applied to the soil [10] . CH 3 
Materials and methods
The research was carried out in the years 2015-2017 at the experimental station in Prusy near Krakow, a part of the Experimental Station of the Institute of Crop Production of the University of Agriculture in Krakow. Chemical properties of the soil were as follows: pH KCl -6.9, and available elements in the following amounts: P -46.0; K -126.3, Mg -42.4 mg/kg and Zn 12.7 mg/kg. Total annual precipitation in the research period (years 2015-2017) ranged from 529.8 to 810.4 mm ( Fig. 1 ). Mean total precipitation in the growing season (April-September) was within the limits from 338.6 to 573.0 mm. Mean annual temperature in the research years varied from 9.3 to 10.2 °C, and from 15.6 to 16.3 °C between April and September (Fig. 2 ).
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
The experiment that was set up in a randomized block design in four replications (plots: 1x10.0 m 2 ) took into account four treatments: control (without using the product) and experimental -sprayed with zinc ammonium acetate (ZAA) at three doses: 0.214, 0.267 and 0.400 kg/ha. ZAA doses in this preliminary investigations have been chosen arbitrary without former optimization of the ZAA amount. The first dose was applied after plant emergence, and successive doses were applied after the beginning of spring vegetation. The solutions for spraying were prepared by dissolving appropriate quantities of zinc ammonium acetate in demineralized water with rest conductivity σ = 0.29 µS and pH = 5.7 to form a 1 % stock solution of ZAA and then its dilution in such water volume so as to obtain the working liquid volume corresponding to 300 dm 3 /ha [11] . The zinc ammonium acetate used in the experiment was supplied by Intermag Ltd. in Olkusz. The research was conducted on timothy (Phleum pratense L.) cv. 'Owacja'. This cultivar has been registered in the National Register since 28 Feb 2014, and is bred by Malopolska Plant Breeding Company -HBP Limited Partnership in Krakow. The rate of seeding for timothy was 4 kg•ha -1 . The cultivar used in the research was sown without a nurse-crop. Mineral soil fertilization was applied at the following doses: 50 kg N/ha before sowing in the form of ammonium nitrate, 26.2 kg P/ha in the form of enriched superphosphate and 66.4 kg K/ha in the form of 57 % potassium salt. Moreover, in autumn, phosphorus and potassium were applied for top dressing in the same quantities and forms as before sowing. Similarly in the years of full use, the same doses of phosphorus and potassium (in the same form) were used in autumn. Nitrogen fertilization of timothy was divided into three parts. The first part of nitrogen was applied after collecting timothy seeds at a dose of 40 kg N/ha, the second part was applied in spring (at the beginning of vegetation) in the amount of 20 kg N/ha and at the turn of April and May (40 kg N/ha).
In individual years of the experiment, the effect of foliar fertilization on chlorophyll content was investigated. Leaf greenness index (SPAD) was measured on the upper leaves using a Minolta SPAD 502 DL chlorophyll meter. The measurements were taken on thirty fully developed leaves in each plot. Morphological measurements were conducted on generative tillers in the flowering stage (June). The height of plants, inflorescence length and width as well as flag leaf blade length and width were measured. Timothy seeds were harvested at the turn of the third decade of July and first days of August using a plot combine (Wintersteiger, Model NM-Elite). After seed harvest, straw and crop residue were removed from the plots. After threshing, the seeds were cleaned and dried up to 14 % moisture content. The 1000-seed weight and the germination capacity were determined separately for each plot in the samples collected after threshing, drying up and cleaning. Germination capacity was calculated after 10 days using Jacobsen germination apparatus according to PN-79/R-65950 standard [12] . Results were subjected to analysis of variance, and the significance of differences was assessed by Duncan test (α = 0.05) using Statistica 10 PL software.
Results and discussion
Zinc is an indispensable element for the development of higher plants and is classified as a soil microelement [13] . At the same time, it is toxic to plants when present in high concentration [14] . Also significant is the form of zinc occurring in soil as it decides on its assimilability by plants. This form can be determined using adequate analytical methods e.g. direct extraction of Zn with diethylenetriamine pentaacetic acid (DTPA) or stepwise determination with CaCl 2 extraction [15] . In our experiment Zn concentration in applied soil was 12.7 mg/kg, this is about the lower limit of Zn concentration, below which critical shortage is observed [16] . If zinc concentration in soil is too low or in the case of poor zinc availability, it can be delivered to plants through foliar application using products that contain zinc in a form readily assimilable by plants. Based on the conducted analyses and measurements, we found that foliar application of diluted water solution of zinc ammonium acetate at different doses (0.214, 0.267 and 0.400 kg/ha) had a significant effect on the investigated parameters, such as tiller height, flag leaf length and width, inflorescence length and width, and chlorophyll concentration. Results of the morphological properties of timothy plants are presented in Table 1 . Data of three-year research show a significant, beneficial effect of applying zinc ammonium acetate on morphological properties of plants. Plants from the treatment where fertilization was applied at a dose of 0.400 kg/ha were much higher and developed longer inflorescences and leaf blades compared to the other treatments. In the case of those without foliar application, plants had distinctly shorter tillers. Measurements of chlorophyll content in leaves showed significant diversity in terms of the used foliar fertilization ( Table 2) . Mean SPAD readings in the research years were higher (p ≤ 0.05) in treatments were higher doses of the product (0.400 kg/ha) compared to the control were applied. An increase in SPAD readings depending on date of measurement was also observed. These values continued to increase up to the flowering stage. The value of leaf greenness index (SPAD) of the plants varied depending on the date of measurement from 33.62 to 41.98.
Timothy seed yield ranged from 798 (2017) to 1054 kg/ha (2015) (Fig. 3) . When increasing the dose of the product, the seed yield also increased. The highest yield (p ≤ 0.05) was observed at application of 0.400 kg/ha. The increase in yield resulted mainly from the increase in weight of grains, that from their ripeness. Literature review indicates that, the use of zinc ammonium acetate, either ammonium acetate or acetate alone [17] or zinc (Zn) [18, 19] has an effect on yielding. In his field experiment with corn and soybean, Thasanasongchan [17] examined six chemicals containing acetate ion (including zinc ammonium acetate) and established, that responses to yielding were caused by acetate alone, since it was a component of each of the tested compound. After applying zinc ammonium acetate, he determined that zinc could have had a greater effect than ammonium acetate alone. In addition, some proofs suggest a synergistic effect of Zn and the acetate component [17] . By contrast, Khosravi [19] suggested that acetate ions can act as a complexing ligand to increase Zn availability with simultaneous preservation of acetate metabolism by soil microflora. The applied fertilization had a significant effect also on the 1000-seed weight. The best results were obtained in the treatment, where the highest dose of the zinc ammonium acetate (0.400 kg/ha) was applied (Fig. 4) . Values from this treatment greatly exceeded the 1000-seed weight obtained in the control treatments. Thasanasongchan, Khosravi, and Liu et al. [17, 19, 20] showed that application of ZAA increases the grain yield of field corn as a result of increased weight per kernel. Table 3 shows the germination capacity of timothy seeds. The value of this parameter depended significantly on the applied dose of ZAA. The highest values (p ≤ 0.05) were recorded in treatments where the 0.400 kg/ha dose was applied. Germination capacity was highest in the first year of using the seed plantation, and decreased in subsequent years of utilization. In their isotopes studies, Liu et al. [20] showed that zinc ammonium acetate enhanced cytokinin levels in root and shoot tissues of corn seedlings, which pointed to a secondary regulatory effect of ZAA in improving corn productivity. Liu et al. [21] evaluated the effect of four concentrations (0, 0.85, 8.5 and 85 ppm) of ZAA on laboratory germination and early growth of three genotypes of corn.
In their greenhouse test, leaf area, plant height and dry weight of shoots of 3-week-old seedlings of all genotypes were increased by ZAA at 0.85 and 8.5 ppm. Research conducted by Pacholczak and Szydło [22] showed a positive effect of ammonium zinc acetate on the rooting of stem cuttings of ninebark (Physocarpus opulifolius). All treatments considerably improved rooting compared to untreated controls. Spraying the cuttings with the product containing zinc was as effective as the two rooting: the average shoot length in sprayed the cuttings was several times longer than that of the control [23] . Ammonium zinc acetate has been recently used to stimulate root growth of numerous agricultural crops (e.g. corn or rape). Crops with enhanced root growth are less prone to drought, and so they yield better. Ammonium zinc acetate applied at very low concentration as in described experiment can be usually combined with other fertilize, a practice that reduced the number of treatments. We assume, that with treatment of timothy by ammonium zinc acetate 0.400 kg/ha in our case of soil (contained 12.7 mg/kg Zn) we reach the optimal dose of ammonium zinc acetate because the seed yield as well seed weight seems to reach a plateau on Figures 3 and 4. 
Conclusions
The preliminary results of a field experiment carried out on a seed plantation showed a positive effect of the use of zinc ammonium acetate (ZAA) on seed yield, morphological features and on selected vegetation indices of timothy cv. 'Owacja'.
Based on the obtained results, it was found that application of foliar ZAA in a higher dose (0.400 kg/ha) caused a significant (p ≤ 0.05) increase in seed yield, 1000-seed weight and in germination capacity in relation to the control. Improvement in morphological properties as well as leaf greenness index (SPAD) was also observed. Their highest value was found in plants from the treatment where the highest dose of ZAA was applied. Seeds obtained from plants treated with ZAA were riper (ripeness was measured with 1000-seed weight) and had higher germination capacity in relation to control treatments. Implementation of the results presented in this work on farms needs further optimization of the ZAA doses depending on chemical properties of the available soils. However taking into account the necessity of a relatively small amounts of the ZAA and low risk of its overdosing one can predict the optimal dose of the ZAA in particular case on the base of our results presented here.
The observed improvement in some growth characteristics and yield on timothy seed plantations confirms the necessity of their use, indicating at the same time the need for further studies on the effect of ZAA on the development and seed yield of other fodder grasses.
